Over the last decades the United Kingdom has seen a general increase in the incidence of head and neck squamous cell carcinoma (HNSCC). In addition to the classical risk factors of smoking and alcohol consumption there now appears that a viral aetiology is attributed to a significant proportion of HNSCC. A number of studies have indicated that human papillomavirus (HPV) infection is implicated with the subtype HPV 16 being found in many histopathological specimens. Further evidence suggests that HPV positive status is a prognostic factor related to a favourable outcome in head and neck cancers. This premise may have a significant impact on our approach to treating HNSCC. Patients belonging to stages I/II are traditionally treated with curative intent, single modality treatments that are either radiation or surgery alone. These treatment regimens are relatively aggressive and may lead to severe functional impairment. HPV patients may not require such an approach. This dissertation examines the current evidence which has given rise to these assertions, and explores the unresolved issues preventing HPV positive status becoming part of the management convention. The methodology involved a comprehensive literature review. The literature conclusions and limitations are discussed with reference to what is becoming accepted universally in this field and what remains to be elucidated. The different prognosis and treatment reaction to radiotherapy and chemotherapy by HPV positive tumours could be extrapolated to suggest that HPV status detection is required to plan treatment regimes. Indeed a separate subset of patients could potentially be categorised with an improvement in morbidity.
Introduction
Head and neck cancer typically refers to squamous cell cancer which predominates in the oral cavity, oropharynx, hypopharynx, larynx, sinonasal tract and nasophaynx. It varies in grade from well-differentiated keratinising to undifferentiated non-keratinising.
It is the fifth leading cause of cancer worldwide with an estimated annual burden of around 560,000 incident cases and 301,000 deaths [1] .
Trends in HNSCC have changed recently probably as a result of the impact of changes in tobacco smoking behaviour. There has been a reduction in head and neck cancers, such as those of the larynx in parallel with smoking habits [2] . However, certain subtypes have seen an increase in prevalence namely those of oropharyngeal and tonsillar cancer. These changes are attributable to a new risk factor in addition to the traditional ones; studies have shown this new entity to be human papilloma virus (HPV). The aim of this review is to explore the current knowledge and to examine the remaining controversies related to the role of HPV in HNSCC development and the potential ramifications.
The areas to be studied are: • Diagnosis of HPV positive status in HNSCC.
• Prognostic significance of viral detection.
• Implications in the management and future directions.
The meta-analysis will attempt to review the background of knowledge relevant to HNSCC and how this has brought us to the current status quo. Each area will be addressed in turn with an explanation of what is known, and if apposite recent research will be used to illustrate where the contention in possible advancement remains. This is a domain where many questions persist; some papers on the subject lack objective evidence and have limitations of small sample size and insufficient statistical power. By examining these studies and any relevant meta-analyses, conclusions from both the quantitative and qualitative data can be drawn, thereby defining what currently vague is.
Methods
The Scottish Intercollegiate Guidelines Network (SIGN) for systematic literature reviews was used. Publications between the years 01/01/1970 to 01/02/2011 were located by means of PubMed, OmniMedicalSearch and Medline. They were manually searched for additional relevant non-Medline articles or abstracts. The total number of publications examined was 1675.
Inclusion criteria were publications comparing HPV positive and negative groups, those examining mechanisms of HPV diagnosis and discussion of management of HNSCC. Papers examining the same subject matter were compared and the most recent one used in preference if the findings were similar. Molecular mechanisms in the development of HPV in HNSCC were collated from a number of review publications [3] [4] .
Examination of papers pertaining to prognosis where examined on the basis of protocols defined by the Eastern Co-operative Oncology Group (ECOG) (Figure 1) . This is a recognised tool used as a yardstick in measuring patient outcomes. Data on molecular diagnostic tests was derived from general papers on the subject [5] and then specific papers on HPV detection. Certain conclusions in this dissertation were derived from constructing publications, particularly those by Kloazar [6] , Kumar [7] , Fakhry [8] and Weinberger [9] .
Quantitative or qualitative methods are sufficient by themselves to capture a sufficient overview of the subject as it transcends many disciplines within this genre. This review therefore also utilised a multi-method triangulation of data approach.
The inherent limitations of the methodology are that it is based on reviewing existing literature and not individual patient data. An attempt to overcome these limitations by examination of the data which provided the most statistically significant information coupled with those of most relevance to this review has been made.
Epidemiological Perspective
Typically HNSCC presents late with advanced metastatic disease accounting for survival of 40% -50% at 5 years [10] . The most important risk factors identified are smoking and alcohol. Studies have suggested that these are synergistic in effect. McFarlane suggested a 50-fold increase in risk with combined smoking and alcohol consumption if heavy [11] .
The effects of alcohol are not so clear as those of smoking. One possible action has been postulated to be by metabolism to acetaldehyde causing damage to DNA, this in-turn traps glutathione an important detoxification peptide in regard to carcinogens.
In addition, alcohol can also induce p450 enzyme CYP2E1, essential in the inactivation of a variety of procarcinogens found in alcoholic beverages and tobacco smoke. Carcinogens are also produced by tobacco smoke such as the polycyclic aromatic hydrocarbons (PAH) and the nicotine-derived nitrosamines. Recent studies have indicated that there is a strong coincidence of guanine to tyrosine transversion and sites of preferential formation of PAH adducts along the p53 gene. These mutations are seen in HNSCC [12] .
A further factor implicated in HNSCC aetiology is diet and oral hygiene. Low consumption of fibre and vitamins have been linked to an increase in developing oro-pharyngeal cancer. The challenge remains to isolate these from high alcohol and tobacco consumption, this is compounded by the potential affect of deprived low-income demographics also having high consumption of these risk factors. Now the the traditional risk factors are now being superseded by HPV. The American Society of Clinical Oncology [13] used data from the Surveillance Epidemiology and End Results (SEER) program registries to investigate the potential influence of HPV on incidence and of HNSCC in the United States (US) from 1973-2003.
One significant finding was the mean age at diagnosis was younger for HPV positive status in HNSCC than HPV negative (61.1 vs. 64.5 years; P < 0.001), and from 1973-2003, decreased significantly for HPV negative, but increased for HPV positive.
The proportion of HNSCC that is potentially HPV positive status was found to have increased in the US from 1973-2003, particularly among more recent birth cohorts.
It also showed that for HPV positive HNSCCs, age-adjusted incidence increased significantly from 1973-2003. The Annual Percent Change (APC) was 0.65. This was particularly evident among males (APC = 1.02), and whites (APC = 0.89).
The age bands show a definite change in younger ages, APCs for: These findings are echoed by that of the Oxford Cancer Intelligence Unit (OCIU) [14] which is a database for Head and Neck Cancer using the e-Atlas incorporating data from English, Scottish, Welsh and Northern Irish cancer registries and the Office for National Statistics. This data correlates with finding in the United States that a younger, male demographic is affected by HPV associated HNSCC.
Relevant Anatomical Considerations & Presentation

Classification
The head and neck regions which are mainly affected by squamous cell carcinoma fall within the following:
• The oral cavity, which includes the lips, buccal mucosa, anterior tongue, floor of the mouth, hard palate, and upper and lower gingiva.
• The pharynx, which includes the oropharynx, and hypopharynx. The oropharynx includes the tonsillar area, tongue base, soft palate, and the posterior pharyngeal wall; the hypopharynx includes the pyriform sinuses, the posterior surface of the larynx (postcricoid area), and the inferior, posterior, and lateral pharyngeal walls.
• The larynx, which is divided into three anatomic regions: the supraglottic region, the glottic larynx (true vocal cords and mucosa of the anterior and posterior commissures), and the subglottic larynx which extends to the inferior border of the cricoid cartilage.
Clinical Presentation
The clinical presentation of HNC varies with the primary site.
• The oral cavity usually presents as a painful/painless ulcer which fails to heal, a warty growth, halitosis and subsequently dysphagia.
• The pharynx:
-Oropharynx, around twenty percent of patients present with a neck lump as the only symptom. Sore throat, referred otalgia, odynophagia and muffled speech are common. Trismus is a late symptom and suggests pterygoid involvement.
-Hypopharynx, early symptoms include the sensation of a lump or discomfort in the throat. Latterly, the patient will present with progressive dysphagia. Hoarseness may occur as a result of invasion of the larynx or vocal cord paralysis. A patient with advanced disease may have anorexia and weight loss. There may be a history of food sticking and repeated aspirations leading to pneumonia.
• The larynx, clinical features are dictated by the primary tumour, secondary deposits and the general effects of the cancer. The symptoms and signs of laryngeal cancer depend on the way in which it is related to the upper aerodigestive tract. Hoarseness is the commonest and often the only presenting symptom. Dyspnoea and stridor are late symptoms and almost invariably indicate advanced tumour.
Human Papilloma Virus as the New Entity
A viral aetiology in HNSCC was first suggested in the 1980s when an association was made between morphological and histological lesions [15] . The incidence of head and neck cancers (HNC) has fallen overall in the United States in recent years, linked with reduced tobacco consumption. However, in contrast HPV associated cancer is rising, especially in young adults. The age adjusted incidence in tonsillar cancer increased 3.5-fold in women and 2.6-fold in men between 1970 and 2002 [16] . In the UK HNSCC of the tonsil in particular is increasing. In England there were 281 tonsillar cancers diagnosed in 1997; this has increased to 703 in 2007 [17] . The age of incidence is attributable to sexual behaviour and the number of lifetime partners both vaginal-sex and oral-sex. This complies with methods of HPV transmission and indeed HPV 16 seropositivity has been demonstrated to infer a 2-fold increased risk of developing oral cancer [18] .
Establishing the role of HPV has been compounded by the heterogenicity of the tumours in addition to the multiple anatomical sites encompassed. There have been numerous publications studying HPV using various detection techniques. For example in situ hybridisation, Southern Blot hybridisation, Polymerase chain reaction; differing sampling methods such as biopsies, scrapes, oral rinses, brushes. This has lead to a variability in detection rates of 0% -100%.
Non-standardisation of the multiple variables has failed to bring clarity to the arena. One systematic meta-analysis performed by Kreimer [19] attempted to ascertain the prevalence of HPV positive status in HNSCC. Overall prevalence of HPV in HNSCC was estimated at 26%. They analysed 60 eligible studies using PCR detection from 26 countries which included 5046 cases of squamous cell carcinomas; 2462 oral cancers, 969 oropharyngeal cancers and 1435 laryngeal cancers. HPV prevalence was 35.6% in oropharyngeal cancers, 23.5% in oral cancers and 24% in laryngeal cancers.
Of the subtypes of HPV, 16 was the commonest subtype. It was found in 86.7% of oropharyngeal, 68.2% of oral and 69.2% of laryngeal cancers. HPV 18 was the next most common but only found in 8% of oral, 3.9% of laryngeal and 1% of oropharyngeal cancers. Kreimers publication is currently most significant suggesting of HPV as a casual role in HNSCC.
Molecular Mechanisms
HPVs are small deoxyribonucleic (DNA) viruses that infect various epithelial tissues including the epidermis (cutaneous types) and the epithelial linings of the upper respiratory system and anogenital tract (mucosotropic types). The difference in their ability to promote malignant transformation is the basis for the classification of HPVs into low and high-risk types.
This concept emanates from observations made more than 30 years ago [20] that some HPV types were more frequently found in cancers than in benign lesions, and was followed by a large number of studies that demonstrated that these risk categories reflect the inherent and differential abilities of the viruses to interfere with proliferation and stability of the genome of the infected cell.
A subset of mucosotropic HPVs that belong to the alpha genus, including the high-risk HPV types 16 and 18. These are associated with more than the majority of HPV in HNSCC. Much of the understanding on carcinogenesis is derived from studies in cervical carcinoma.
HPV 16 is the predominant form of HPV positive status in HNSCC. This has been quoted at 85% -95% which is higher than that of cervical cancers. It arises most commonly in the lingual and palatine tonsils [21] but is found in all anatomical categories of HNSCC.
Studies have shown the HPV subtypes linked with HNSCC are generally akin to that of cervical carcinoma. This possibly has implications with new cervical HPV vaccines, vide infra.
The effects of HPV are predominantly related to the E6 and E7 oncogenes (Figure 2 ). These bind and cause degradation of p53 and retinoblastoma tumour suppressor genes. The function of p53 is to arrest cells in growth phase 1 (G1) or induce apoptosis to allow host DNA to be repaired. E6 is of particular interest because it appears to have multiple roles in the cell and to interact with many other proteins. Its major role, however, is to mediate the degradation of p53, a major tumour protein, reducing the cell's ability to respond to DNA damage [22] .
Human Papilloma Virus Detection
The association between HPV infection and cervical carcinoma is well established.
In HNSCC, however there is no direct equivalent to the transformation zone of the cervix in the oropharynx. Clinicians screening for HPV in gynaecology are fortunate because of a set screening process and treatment algorithm. A similar infrastructure dose not exist for HNSCC. There is evidence, however, that HPV is found predominantly in the crypts of the tonsils. This may constitute a parallel to the transformation zone.
Tumours from tonsillar crypts are not associated with dysplasia of surface epithelium; show lobular growth; are permeated by infiltrating lymphocytes; do not undergo clinically significant basaloid morphology [23] .
Clinically HPV positive tumours present mostly at an early T stage and advanced nodal stage. In general, HPV associated oropharyngeal cancers at presentation are stage III or IV. Nodal metastasis is usually cystic and multi-level [24] . The viral load in HNSCC varies considerably. Available data suggests that oral cavity HPV viral load is lower than that of the cervix. From the studies analysed it is clear that a number of factors are responsible for this observation. Primarily the anatomical sites are not akin to that of the cervix and its transformation zone. Secondly the variable pattern of integration plays a role. Weinberger [9] demonstrated that HPV 16 viral load and p16 expression could be used to classify head and neck cancers into 3 profiles (Class I-HPV negative, p16 low; Class II-HPV positive, p16 low; Class III-HPV positive, p16 high). Class III tumours had a significantly increased 5 year survival.
Despite growing calls for routine HPV testing of all HNSCC the best method for HPV testing is not established. Both in situ hybridisation (Picture 1) and PCR are commonly used. For satisfactory classification in clinical practice HPV tests should reliably work on fixed cells and tissue. There is evidence that detection of high risk HPV by consensus polymerase chain reaction (PCR) alone is insufficient to accurately classify tumours. This is due to it providing many clinically irrelevant false positives. However, there is convincing evidence that the detection of p16 protein by immunohistochemistry can be used as a surrogate marker for the elaboration of oncogenic HPV proteins. Calls for standardisation of HPV testing in head and neck cancers have led to two diagnostic algorithms have emerging: the first advocates screening for p16 by immunohistochemistry followed by detection of HPV DNA by in situ hybridisation: the second recommends detection of p16 followed by consensus PCR.
A study by Robinson et al. [25] in 2010 took this a step further in an attempt to determine the most viable as say in HNSCC. They compared the polymerase chain reaction (PCR) assay, DNA-DNA in situ hybridization (ISH), and HPV 16 E7 PCR amplification in consecutively accessioned oropharyngeal cancers. 126 cases were tested by both PCR methods; 102 were positive by either for a maximum positive rate (MPR) of 81.0%. Relative to the MPR, the sensitivities of PCR and E7 PCR were 90.2% and 72.5%, respectively. Of 17 PCR+ cases tested by ISH, 14/14 unequivocally positive/negative were concordant. All cases (97/97) positive by either PCR assay were positive for p16. There was no relationship between level of histological differentiation and HPV status. ISH and PCR have comparable performance for the detection of HPV in oropharyngeal carcinomas. It was concluded that PCR is a suitable and economical assay that is comparable to ISH in sensitivity and may provide logistical advantages relative to ISH for assessing HPV status in oropharyngeal malignancies. However, it is imperative that appropriate sensitivity controls be in place for such assays.
The ultimate decider will be influence by sensitivity, specificity, reproducibility and cost. PCR methods require a high level of technical skill and are best used on fresh frozen samples. Mere detection of virus by non quantitative methods is unable to distinguish between transciptionally active (clinically relevant) from transcrip-tionally inactive (clinically irrelevant) HPV infections. This proposition in regard to globally accepted methods of detection is unfortunately not the only issue that seems to be preventing the advancement of HPV positive patients receiving alternative treatment regimens.
Traditional Prognostic Factors in HNSCC
Site and TNM Stage
The most important prognostic factors in HNSCC are site and TNM (tumour, node, metastasis) stage. Patients with tumours that are larger and have spread to nodes and other tissues have poorer survival. Guidelines for HNSCC from the Royal College of Pathologists state that other accepted features related to clinical outcome are grade, pattern of invasion, proximity of carcinoma to resection margins, and the presence of extranodal spread.
A large meta-analysis publication showed that extranodal spread more than halved the chances of surviving for five years (odds ratio 2.7, 95% confidence interval 2.1 to 3.7) [26] .
Comorbid Illness
The results of other large meta-analyses of clinical trial data illustrate that poor performance status that is poor fitness and the presence of comorbidities was associated with an adverse prognosis. One systematic review of the effect of comorbidity on survival from head and neck cancer (laryngeal) found that risk of death was significantly related to (hazard ratio 1.5 -13.5, depending on the comorbidity).
Furthermore meta-analyses of clinical trial data showed that age is associated with a decreased survival [27] . This is relevant to the demographics of HNSCC as patients are generally considered to be younger ( Table 1) .
Clinical Significance of HPV Positive Status in Head & Neck Cancers
The majority of studies suggest that HPV positive status is an important prognostic factor associated with a favourable outcome in HNSCC. The one recent prospective multi-centre clinical study is detailed below with a synopsis of the survival analysis which was the pertinent part of this study [28] .
In survival analysis, the primary statistical end points were overall survival (death from all causes) and disease-specific survival (death from HNSCC). Event time distributions for these end points were estimated by use of the method of Kaplan and Meier (Figure 3 ) and compared by use of the log-rank statistic or the proportional hazards regression model. The assumption of proportional hazards for primary and recurrent cancers was not appropriate; therefore, survival models were stratified for this factor. The simultaneous effect of two or more factors was studied by use of stratified multivariate proportional hazards models. Factors tested for prognostic value included sex, age at diagnosis, race, tobacco and alcohol exposures, tumour stage, lymph node status, HPV presence, tumour location, and tumour grade.
Survival data were also compared separately for oropharyngeal and non-oropharyngeal HNSCC patients. there were three cancer deaths in 34 patients with HPV-positive and 10 cancer deaths in 26 patients with HPV negative oropharyngeal cancers. Disease-specific survival was significantly improved in the HPV positive oropharyngeal group (Hazard Ratio (HR) = 0.26; 95% CI = 0.07 -0.98; P ≥ 0.05). Among patients with nonoro- pharyngeal cancers, there were six cancer deaths in 28 patients with HPV-positive and 52 cancer deaths in 165 patients with HPV negative cancers. Disease-specific survival was similar in the two groups (HR = 0.62; 95% CI = 0.26 -1.5; P = 0.28).
A further paper which supports these findings is that of Fakhry [8] . After adjustment for age, tumour stage, and ECOG performance status, tumour HPV status was also statistically significantly associated with progression free survival (Figure 4) . Patients with HPV positive tumours had a risk of progression that was 73% lower than that of patients with HPV negative tumours (adjusted HR = 0.27, 95% CI = 0.10 to 0.75, P ≥ 0.01).
When the analysis was restricted to patients with oropharyngeal cancer, patients with HPV positive tumours had a 61% lower risk of death (HR = 0.39, 95% CI = 0.15 to 1.05, P = 0.06) and a 62% lower risk of progression (HR = 0.38, 95% CI = 0.12 to 1.15, P = 0.09) than patients with HPV negative tumours after adjustment for ECOG performance status.
One feature of Fakry's study was the separation of oropharyngeal cancer from the entir population of HNSCC. This allows greater interpretation in respect to these anatomical sub-categories. These studies also highlighted the difference in response to chemotherapy and radiotherapy regimens by HPV positive tumours meaning HPV status detection is required to individualise and plan treatment.
Examining Current Treatment Options in HNSCC
Early Stage Disease
In the region of 30% -40% of patients present with early stage I/II disease, curative intent is the premise of treatment using radiation or surgery in isolation. Both modalities result in similar rates of control and survival. The choice of treatment is usually therefore based on assessment of functional outcomes and other morbidities. If surgery is implemented primarily then adjuvant radiotherapy is added if positive or close margins exist in the resected specimen if there is evidence of bone erosion or pathological lymph nodes.
Early stage disease is associated with an excellent prognosis, however, these patients remain at high risk for recurrence/secondary tumours necessitating close monitoring.
Resectable Locally Advanced Disease
The dual considerations of maximising cure potential and maintaining functional status are fundamental to management in this scenario. Historically surgery is used in combination with postoperative radiotherapy.
Definitive Radiotheraphy (RT)
RT has been implemented as the primary treatment in all subsites of HNSCC and its role in comparison to sur gery has been continually evaluated [29] .
RT as a single modality treatment remains an important option for early HNSCC and has produced high cure rates that are comparable to that of surgery. As a consequence the use of RT for early nodal disease was debated, as was the rational for elective irradiation in the clinically negative neck in patients at risk of occult metastasis [30] . Ordinarily, elective treatment of the head and neck corresponds to the chosen treatment of the primary tumour. RT is frequently used in early stage disease in oropharyngeal and hypopharyngeal carcinomas as the cure rate is akin to that achieved with surgical treatment but with lower morbidity [31] .
Postoperative Chemoradiotherapy
Historically, the combination of RT and surgery for more advanced HNSCC was investigated in an effort to decrease recurrence rates in more advanced stage cancers for example those with gross organ destruction, bone/ cartilage invasion. The merits of surgery for eradicating bulky disease and RT for eliminating subclinical foci were a logical combination [32] . However, studies [33] reported a significant increase in toxicities, such as bone marrow suppression, mucositis and fibrosis. This lends reason to the premise that aggressive treatment should be reserved for patients with good performance status and high risk features e.g. extracapsular extension or positive surgical margins.
Highly Conformational Radiation Therapy
Intensity-modulated radiotherapy (IMRT) is a technology designed to increase the conformity of the radiation dose thereby reducing the toxicity in normal tissues. Computerised Tomography (CT) is used to design volumetric portals and the resulting radiation dose distribution [34] . Inverse planning is used in IMRT to elucidate target doses for the tumour and surrounding tissue. IMRT uses a large number of radiation portals to achieve the tailored distribution. Excellent loco-regional control has been demonstrated in current data from single institutions in oropharyngeal cancer [35] .
Concurrent Chemotherapy and Radiation Therapy
Combined surgery, RT and chemotherapy is critical to curative management of locally advanced HNSCC. Chemotherapy improves the efficacy through its radiosensitising ability in loco-regional disease and also providing systemic therapy against metastatic disease. Concurrent regimens are standard treatment in the setting of locally advanced disease and high risk pathology. This reflects the development of a multidisciplinary approach to HNSCC.
Therapies targeting Epidermal Growth Factor Receptor (EGFR) EGFR is commonly over-expressed in HN-SCC. It is a member of the ErbB growth factor receptor kinase therapy. Its over-expression has been associated with disease recurrence and decreased survival. Several strategies have been developed to target EGFR. Cetuximab, an immunoglobulin G1 chimeric monoclonal antibody directed against EGFR, is the first molecularly targeted agent to improve survival in patients with HNSCC [36] .
One recent study, conducted at Georgetown Lombardi Comprehensive Cancer Center, analysed tumours from sequentially treated patients between 2007 and 2009 with HNSCC that were treated with cetuximab and intensity-modulated radiation therapy (IMRT). Out of twenty patients, six had stage III disease and fourteen had stage IVa disease. The median age was 63 (age ranged from 31 to 78). The patients received IMRT for seven to eight weeks (median dose was 72.0 Gy). Cetuximab was given for a median of seven cycles. Primary tumour sites included oral cavity (1), oropharynx (12), hypopharynx (1), larynx (5), and with one site unknown. Oneyear progression free survival rates were 100 percent for those with HPV-positive tumors and 31 percent for those who were HPV negative. Two year progression free survival rates were 60 percent for those with HPV compared to 23 percent for those with HPV negative tumours (P = 0.05) [37] . This is a relatively low powered study but represents the current level of research. It is one of a number of emerging studies which should eventually progress to separating the treatment arms of those with/without HPV positive status and giving reduced duration/cycles of IMRT.
Vaccination
HPV vaccines for example GARDASIL ® is a quadriavalent vaccine that protects against HPV types 6, 11, 16 and 18. It is a killed, inactivated vaccine. It may provide some protective benefit as a preventative as it is effective against the main protagonist HPV sub type 16, although there are other sub types linked with HNSCC.
In October 2009, CERVARIX ® was approved in females aged 10 -25. This is a bivalent vaccine that protects against HPV 16 and 18. It is a denatured inactivated vaccine [38] . There are ongoing trials involving the use of HPV vaccines to treat patients with advanced or recurrent HPV associated cancers, but currently there is no published data showing to the effectiveness of these immunotherapy based treatments.
There is a postulated protective affect from vaccination, although it is premature to suggest this definitively, their will be a significant lag time before this is show in epidemiological data.
It is difficult to estimate the impact of global vaccination against HPV associated cancers. It will be interesting to see if this is borne out in the future and changes in ratios between males and females increase as a result. It is conceivable that extending the vaccination to men may occur, but this is likely to be based on its cost effectiveness.
Summary & Conclusion
This review has set out to define/identify that a difference exists between HPV positive HNSCC patients and that identification of HPV status is key. Several papers purport a biological distinction existing between HPV positive and negative patients; this is likely a result of the pathogenesis of cancer by HPV. One point that is not clearly defined is the molecular response to treatment to account for this difference. Indeed no such studies have broached this subject and all assertions in the literature rely on the statistical differences to account for this rather than firmly elucidated mechanisms.
In drawing together knowledge on HPV positive status in HNSCC, additional salient questions are raised. The data incorporated in this review clearly suggests a distinction between the HPV positive and negative groups, but is this enough in itself to warrant changing the regimens within this subset of patients and observing the effects? In the absence of any alternative data, should the reality of reduced chemoradiotherapy exposure for HPV positive patients be the next logical step [39] ? The potential benefits improved morbidity without worsening mortality.
Much of this stems from the lack of homogenicity of HNSCC, and the multiple anatomical sites encountered throughout the aerodigestive tract. This point cannot be overemphasised as it has resulted in difficulty in direct comparison of findings [40] . Unfortunately, the majority of the available literature currently does not sub-categorise these groups and refers to HNSCC as one entity. The difficulty has been to establish firm conclusions which are not superficial in regard to the data on which their supposition is based. Evidence suggests that there is a greater susceptibility of oropharyngeal and tonsillar cancer to HPV infection, however, several studies have grouped together HNSCC and have failed to specify the origin of the tumours or the site specific prevalence of HPV.
Coupled with this there has been a lack of progression from the theoretical concepts into actual clinical practice. Progression has therefore stalled, and although research is ongoing, none of the major groups have released data on new initiatives. This is frustrating, as it has a direct impact on the morbidity of the HPV positive patient group.
Nonetheless, HPV as a definitive risk for HNSCC is now established affecting those of younger age, male gender, non-smoking and non-drinking status. Furthermore, HPV positive status independent of these has been demonstrated as being an indicator in overall survival of HNSCC.
It is evident that a multitude of questions remain to be answered and issues to be addressed. Lack of definitive answers exists for some of the key questions proposed to be investigated in this review. Indeed additional questions other than those originally noted have come to light. These include: should site specific HNSCC be studied in isolation? Should trials with variable dose radiation be commenced with HPV positive tumours in separate treatment groups determining effect on cure in relation to morbidity?
Identification of the best tests is needed for HPV diagnosis whether that is PCR or a combination of hybridisation. The limitations of any single detection assay have been shown to be offset using algorithms that combine the strength of complementary assays.
Primary and secondary prevention also remains an area to be explored, including use of HPV vaccines against infection and therapeutic vaccines for loco-regional recurrence.
Despite this area receiving much more attention of late, research which will eventually allow advancement into the clinical domain is still very much preliminary. Research that does exist has highlighted the many issues in prospectively evaluating response to treatment and if this represents a true difference in natural history between HPV positive and negative groups in the absence of any therapy. This seems to be the direction of research (as was noted from the outset), but no data from any ongoing trials has been released.
In conclusion, the challenge remains of designing clinical trials which utilise the "best" means of HPV detection, allowing stratification of these groups leading to the identification of novel modes of treatment. The proviso to any new regimen is retaining the chance of cure whilst reducing the co-morbidities.
Assimilation of data remains a problem as groups studying this field have adhered to their own individual designs and therefore no universal platform exists from which to readily extrapolate into a treatment algorithm. Only well designed studies will determine what promised to be an area of great potential is eventually realised.
One concern is that without sound scientific principles addressing all the questions originally raised in this review compounding factors will affect results and further slow progress. Researchers will be concerned about how to progress without causing decreased survival at the expensive of short term quality of life goals as well as the ethical dilemma. The subject now resides at a crossroad, it requires a study to carry the mantle beyond what is currently known [41] [42] .
